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SUMMARY 

Engine noise levels and jet -velocity profiles tiave teen ottained 
with several turbojet exhaust -nozzle ejectors. An insignificant reduc- 
tion in total sound power was realized. At subsonic nozzle pressure 
ratios^ total sound power from exhaust -nozzle ejectors or bypass exit 
configurations can be calculated from primary- jet parameters only. 


INTRODUCTION 

Acoustic tests of several turbojet engines and air jets have shown 
that the total sound power emitted by a jet is nearly proportional to 
the eighth power of the jet velocity. Theoretical work of reference 1 
indicates that jet noise should also depend upon the shear at the jet 
boimdary. It is expected that near the nozzle lip the sound generated 
by the high-frequency eddy motion is responsible for the high-frequency 
conponents of jet noise. At subsonic pressure ratios the bulk of the 
low-frequency noise can probably be attributed to the large turbulent 
eddying motion several diameters downstream of the jet exit (ref. 2). 

In an effort to reduce noise without reducing the core velocity of 
the jet, model jet tests were conducted to determine the effect of re- 
duced shear at the jet boundary (ref. 3). Reduced velocity gradients 
were obtained by adding a constant -disimeter extension to the nozzle which 
resulted in "pipe-flow” velocity profiles. At subsonic pressure ratios 
the resultant sound levels measured at 3CP and 90^ to the jet axis were 
slightly lower than the sound levels measured from a jet with a flat 
velocity profile. This slight noise reduction (2.5 and 0.5 db at 30^ 
and 90^, respectively) was apparent in spite of an increased jet diameter 
necessary for equivalent thrust. 

The ejector is another device which will modify the velocity profile 
of a jet. In most jet aircraft an engine exhaust -nozzle ejector is used 
for cooling purposes. It was desirable, therefore, to investigate the 
effect of ejectors on jet noise. This report gives the results of such 
an investigation with a turbojet engine. 
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APPARATUS AND PROCEDURE 

The engine used in these tests was an axial -flow turbojet with an 
over -all pressure ratio of 1.75 and a sea-level rated thrust of 5000 
pounds. The engine was mo\mted 6 feet above grade level in a free-field 
thrust stand (fig. l) ^ that is, with no sound reflecting s\irfaces near 
the jet. The cylindrical exit ejectors incorporated ejector to primary- 
nozzle diameter ratios of 1.2 and 1.4 (fig. 2). Eight spacing ratios of 
ejector length to primary-nozzle diameter were tested at each of the 
diameter ratios. The spacing ratios ranged from 0.15 to 1.50. 

Engine instrumentation was routed to a control room located 100 feet 
from the thrust stand at the 240° azimuth, as shown in figure 3. Engine 
thrust was measured by a strain-gage and potentiometer system. Engine 
and ejector air flows were determined from ambient temperature and pres- 
sure survey rakes at the engine inlet and ejector annulus. Gas tempera- 
tures at the ejector exit and at the turbine outlet were recorded on a 
flight recorder. 

Since the nozzle pressure ratios were subsonic, the ejector-exit 
static pressure was assumed eqtial to ambient static pressure for all jet 
Mach number calculations. 

Measurements of somd pressure levels were made at 15° Intervals in 
a 270° sector around the engine, as shown in figure 3. No sound pressiire 
measurements were taken in the forward 90° quadrant where the control 
room was located. For pirrposes of total sound power calc\ilation, the 
sound press-ures in the two forward 90° q-uadrants were assumed to be 
symmetrical. The sound pressure levels were observed on a General Radio 
Company Type 1551 -A Sound -Level Meter 200 feet from the jet nozzle. The 
frequency distribution of sound pressure was measured at stations 30°, 

90°, 135°, and 18CP from the jet axis at a distance of 200 feet from the 
nozzle. The data were taken with a Bruel and Kjaer Audio Frequency 
Spectrum Recorder type 2311. The frequency range for this instrument is 
from 35 to 18,000 cps and is divided into 27 one -third octaves. The 
spectrimi recorder was transported in an acoustically insulated panel 
truck. Prior to each run, the General Radio and Bruel and Kjaer meter- 
microphone circuits were calibrated with a General Radio Con^iany Type 
1552-A Sound -Level Calibrator and General Radio Company Type 1307 -A 
Transistor Oscillator. 

The decibel unit is -used herein to represent sound pressxire level, 
spectr\im level, and total soimd power level. Conq)lete definitions and 
formulas for these aco\astic terms are presented in reference 4. Sound 
press\jre level, based on a reference of 0.0002 dyne per square centi- 
meter, is indicated by the General Radio Sound-Level Meter, which responds 
simultaneously to all frequencies from 20 to 10,000 cps. Spectrum 
level is the sound pressure level in a finite band width (l/3 octave) 
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corrected to a -unit frequency basis. Total sound power level Involves a 
hemispherical integration (ref. 4) of sound pressure and represents all 
the so\md power issuing from a sound source. Sound power level is based 

1 "Z. 

on a reference of 10” watts. 


RESULTS AND DISCUSSION 
Ejector Performance 

Variation in jet-boundary velocity profiles at the ejector exit was 
obtained by varying the ejector length for a given diameter ratio. Since 
the variation of over -all net thrust was Insignificant, the momentum in- 
crease of the induced secondary air was nearly equivalent to the loss in 
momentum of the primary jet. As shown in figure 4, ejector pumping rates 
increased as length was increased; however, at a diameter ratio of 1.2 
it appears that the peak in the mass-flow-ratio curve will occiar at the 
1,5 spacing ratio. Mass-flow ratio is defined as the ratio of secondary 
flow to primary-jet flow. At the maximum ejector length, mass-flow 
ratios for the 1.2- and 1.4 -diameter -ratio ejectors were 23 and 39 per- 
cent, respectively. 

The ejector -exit velocity profiles at rated engine speed for the 
1.2- and 1.4-diameter -ratio ejectors are shown in figures 5(a) and (b), 
respectively. In order to Investigate the primary- jet boundary in more 
detail, a closely spaced total -pressure rake was installed; and the 
res-ultant Mach number profiles are shown in figure 6. The Mach number 
profiles are shown for three values of engine speed. Near the jet 
boundary the velocity and Mach number gradients decreased with increasing 
ejector diameter ratio and spacing ratio. The jet velocity continually 
decreased radially outward from the main body of the jet. Since a tem- 
perature gradient also occ\nrs near the jet boundary, the Mach nimiber 
profiles show a peak near the boimdary for the smaller ejector spacing 
ratios. 


Ejector Sound Pressiire Measurements 

Typical polar plots of somd pressure level are shown in figxare 7 
for the two diameter -ratio ejectors at varioxis spacing ratios. The 
sound field for the standard engine is also shown. At a given azimuth 
only slight variations are noted among the ejector and standard-engine 
sound levels. With one exception all the ejectors caused a slight de- 
crease in maximum sound pressure level, which occurred at the 30° 
azimuth. The exception was an ejector (fig. 7(b)) with a spacing ratio 
of 0.90 that created acoustic resonance and thereby produced higher 
sound pressure levels over the entire field. 
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In order to obtain an insight as to the causes of these somd pres- 
sure variations, the spectrum levels were examined (figs. 8 and 9). The 
spectrum data are presented for rated engine speed at azimuth angles of 
30 , 90 , and 135° and at an observer distance of 200 feet. In the ca^e 
of the^l. 2-diameter -ratio ejector (fig. 8(a)), it can be seen that at 
the 30 azimuth there is a general decrease in spectrum level for fre- 
quencies between 230 and 370 and also for frequencies above 1000 cycles. 

“frequency attenuation is apparent to a lesser extent with the 
1.4-diameter -ratio ejector, as shown in figure 9(a). At the 90° and 135° 
azimuth angles (figs. 8(b) and (c) and 9(b) and (c)) this high-frequency 
attenuation is not apparent. The previously mentioned resonance associ- 
ated with the 0.9-spacing -ratio ejector is seen as a discrete 160-cycle 
frequency at the 30° azimuth in figure 9(a). At 90° and 135° (figs. 

9(b) and (c), respectively) this resonance also Includes the 125-cycle 
band. The high-frequency attenuation is most pronounced with the 
longest ejectors, but the low-frequency noise was in general unaffected 
by any of the ejector configurations. 

The spectral distribution of sound intensity at the 30° azimuth for 
the standard engine is shown in figure 10. The ordinate of the figijre 
is cumiaative sound Intensity. The nearly vertical portions of the 
curve Indicate frequency bands with large noise content. For the fre- 
quency ranges wherein the ejectors cause noise attenuation (230 to 370 
and above 1000 cps), only 10 percent of the total sovind intensity is 
involved. Since 10 percent of the sovind Intensity corresponds to only 
1/2 decibel, little sound reduction is possible by reducing the sound 
intensity in those frequency ranges. This ineffectiveness of the ejec- 
tors as noise s\g)pressors is also noted in figure 7, which shows insig- 
nificant attenuation at the 30° azimuth. 

Although decreased velocity gradients at the ejector exits were noted 
as ejector length increased, it m\ist be remembered that a region of in- 
tense shear existed inside the ejector shroud near the primary- Jet 
nozzle. The intensity of this internal shear region was reduced, how- 
ever, as the punq)ing rate or mass-flow ratio increased. It wo\ild be 
expected that the previo\isly mentioned high-frequency attenuation could 
be partially attributed to the reduced velocity gradients both within 
the ejector and at the ejector exit. Some attenuation may be due to 
reflection of the high-frequency pressure waves within the ejector shroud 
and also to the passage of these waves downstream through the diverging 
primary Jet. 
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Total Sound Power Levels 

In figure 11 is presented the total so\md power levels in terms of 
watts and decibels for the ejectors as well as for several familiar en- 
gine sound power levels which are included for comparison purposes. The 
afterburner level was determined from the data in reference 5. All the 
sound power data for the various exit configurations were obtained with 
the same engine. 

Transition from rated engine operation to maximum-thrust afterburner 
operation resulted in an Increase from 168 to 177 decibels. Throttling 
from rated engine speed to 80 percent rated speed resulted in an 11- 
decibel decrease. In contrast with these significant sound power vari- 
ations, all the ejector sound power levels, with one exception, range 
between zero and 2 decibels below the standard engine levels. Althoxigh 
the longer ejectors caused greater high-frequency sound attenuation, 
there was only a slight downward trend in the total power level as 
spacing ratio was increased. These results were expected since the 
sound power involved in the high-frequency range is but a small part of 
the power in the over -all spectrum. 

The theoretical work in reference 1 indicates that for subsonic 
pressure ratios the total sound power should be proportional to the 
Lighthlll parameter 

PqAV® 

a§ 

where 


ambient air density 
nozzle -exit area 
jet velocity 

ambient acoustic velocity 

In figure 12 the total sound power levels from figure 11 are plotted 
against this Lighthlll parameter. The curve was drawn throiogh the data 
points obtained with the standard nozzles. When the parameter values 
for the ejectors were computed, the governing factor, jet velocity, was 
calculated from measvired thrust and primary mass flow. It can be seen 
that all the sound power data fall within 2 decibels of the standard- 
engine curve. In contrast, when the parameter was con 5 >uted on the basis 
of the ejector-exit area and total mass flow, a maximxmi deviation of 6 
decibels was apparent. It is evident, therefore, that the sound power 
generated by an exhaust -nozzle ejector can be predicted from the charac- 
teristics of the primary jet. 
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CONCLUDING REMARKS 

In order to determine the acoustic effects of jet-exit ejectors, an 
experimental program was conducted and the following concliisions are 
presented; 

1. No significant decrease in jet -engine noise associated with the 
use of ejectors was found when the sound power was evaluated at subsonic 
nozzle pressure ratios. 

2. The ejector shrouds decreased the high-frequency portion of jet 
noise. Since only a small part of turbojet noise occurs in the high- 
frequency spectroun, this reduction in high-frequency noise caused little 
reduction in total sound power. 

3. Regardless of the exit configuration, the governing factor in 
jet-noise generation was the velocity of the primary jet. When total 
sovind power was plotted against the Lighthill parameter for the primary 
jet, the data for all the exit modifications showed a variation of only 
2 decibels from the standard-nozzle curve. 

4. Recent tmpubllshed ejector data obtained with a model air jet at 
a diameter ratio of 1.4 and spacing ratio of 1.5 show significant de- 
creases in total so-und power at nozzle pressure ratios in excess of 3.0. 
Since conventional operation of most jet aircraft does not resiilt in 
high nozzle press\ire ratios at low altitude, the use of ejectors at high 
pressure ratios is not apt to bring about significant noise reduction as 
observed from the ground. 

5. The presence of the low-velocity outer-anniilar jet has been con- 
sidered to be an inportant factor in the potential noise reduction as- 
sociated with the bypass engine. Since bypass jet flow can be somewhat 
slmiaated by exit ejector flow, it would appear that for moderate bypass 
mass-flow ratios the primary jet rather than bypass interaction will 
largely determine the bypass engine noise level. Since the primary jet 

of a bypass engine operates at a lower velocity than that of an equivalent- 
thrust turbojet , the bypass engine should produce a lower noise level 
primarily by virtue of the lower energy level in the primary jet. 


Lewis Flight Proptilsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, August 9, 1955 
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Figure 1. - Thrust stand with ejector installation. 
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Figure 2. 
spacing 


- Ejector configurations, 
ratios^ 0.15 < ^ <1.50. 


Diameter ratios D2/D^, 1.2 and 1.4; 
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Figure 3. - Location of sound survey stations and control room. 
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Figure 4. - Variation of ejector mass-flow ratio with spacing ratio. Primary-gas temperature, 
1250° F. 
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Figure 5 . - Velocity profiles at ejector exit. 
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Figure 5. - Concluded, Velocity profiles at ejector exit. 




H 

CM 


MCA TN 3573 


Mach member 


^ ■^■1 ■- ' 4 


14 


MCA TN 3573 




Radial distance/primary- nozzle rad 



(a) Diameter ratio, 1.2. 

Figure 6. - Mach nianber profiles at ejector exit. 
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(b) Diameter ratio, 1.4. 


Figure 6. - Concluded. Mach number profiles at ejector exit. 
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Figure 7. - Sound pressure field at distance of 200 feet. 


3850 


CW-3 3850 


MCA TN 3573 


17 



("b) Diameter ratio, 1.4. 

Figure 7. - Concluded. Sound pressure field at distance of 200 feet. 
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(a) Azimuth angle, 30°. 

Figure 8. - Spectrum level at rated engine speed and distance of 200 feet. 1.2- 
Diameter-ratio ejector. 
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Figure 8. - Continued. Spectrum level at rated engine speed and distance of 200 feet. 
1.2 -Diameter -ratio ejector. 
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Figure 8. - Concluded. Spectrum level at rated engine speed and distance of 200 feet. 
1.2 -Diameter -ratio ejector. 
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(a) Azimuth angle, 30°. 

Figure 9. - Spectrum level at rated engine speed and distance of 200 feet. 
Diameter-ratio ejector. 
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Figure 9. - Continued. Spectrum level at rated engine speed and distance of 200 feet. 
1.4 -Diameter-ratio ejector. 
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(c) Azimuth angle, 135°. 

Figure 9. - Concluded. Spectrum level at rated engine speed and distance of 200 feet. 
1.4 -Diameter -ratio ejector. 
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Figure 10. - Spectral distribution of sound intensity for standard engine at 30° azimuth. 
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Figure 11. - Comparison of total sound power levels 
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